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tivecommons.org/licenses/by-nc-Summary Background: We aimed to investigate whether disruption of the circadian rhythm
in rotating shift work (RSW) workers would change anorectal motility and cardiac autonomic
function. We also determined whether sleep and psychological status (e.g., anxiety and
depression) would affect anorectal motility in RSW workers.
Methods: Sixteen RSW workers and 11 control individuals were involved in the study. All study
participants underwent anorectal manometry and spectral analysis of heart rate variability. All
participants completed three questionnaires: the Pittsburgh Sleep Quality Index (PSQI), the
State-Trait Anxiety Inventory (STAI) questionnaire, and the Taiwanese Depression Question-
naire (TDQ).
Results: The RSW workers had a lower threshold volume for maximal urge (p Z 0.006) and
greater rectal compliance (p Z 0.02), compared to the controls. The RSW workers had a
greater PSQI score (p Z 0.002) and TDQ score (p Z 0.003), compared to the controls. The
RSW workers had a significantly increased low-frequency power percentage (LF%), compared
to the controls (pZ 0.03). The RSW workers had a significant correlation between the resting
anal sphincter pressure and high-frequency power percentage (HF%; rZ e0.62, pZ 0.01), and
between the R-R interval and the threshold for maximal urge (r Z 0.51, p Z 0.04). The PSQI
score was significantly correlated with the threshold volume for urge (rZ 0.55, pZ 0.03) and
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Anorectal motility in shift work 81Conclusion: Rotating shift workers have anorectal dysmotility and cardiac sympathetic hyper-
activity. Anorectal dysmotility in RSW workers has a close relationship with cardiac autonomic
dysfunction, sleep disturbance, and depression, but not with anxiety.
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Disruption of the circadian rhythm in rotating shift work
(RSW) workers has an impact on physical and mental health
[1]. There is increasing evidence that RSW can lead to a
variety of gastrointestinal symptoms [2], and possibly result
in functional bowel disorders [3]. The effect of RSW on
gastrointestinal disturbances is significantly associated with
the type and duration of shift work [3,4]; the effect is
particularly more severe in people on RSW than other types
of shifts [3]. Furthermore, the effect of shift work on
gastrointestinal symptoms is associated with sleep distur-
bances and psychological disorders, which suggests that
poor sleep may deteriorate these shift work-induced
symptoms [5,6]. However, other studies have demon-
strated that the association between irritable bowel syn-
drome and RSW is independent of sleep disturbance [3].
Spectral analysis of heart rate variability (HRV) is a so-
phisticated and noninvasive tool for the identification of
autonomic nervous system (ANS) control of the heart. Heart
rate variability can be categorized into a high-frequency
power component (HF; 0.15e0.40 Hz) and a low-frequency
power component (LF; 0.04e0.15 Hz) [7]. The HF compo-
nent and R-R interval are equivalent to respiratory sinus
arrhythmia and are regarded as the vagal control of heart
rate; the sympathetic and parasympathetic nerves jointly
contribute to LF [8]. The low-frequency power percentage
(LF%), high-frequency power percentage (HF%), and the
ratio of LF to HF (LF/HF) may reflect sympathovagal bal-
ance, whereas LF% and LF/HF also represent sympathetic
modulation [9,10]. The physiological explanation for very-
low-frequency power (VLF) is less defined [7]. The vari-
ance in the HRV represents the parasympathetic effect
[11]. Spectral analysis of HRV has shown reliable repro-
ducibility in physiological and pathophysiological studies on
cardiac autonomic function [12e14]. An earlier study with
HRV has shown that shift work is associated with sympa-
thetic hyperactivity [15]. A further study shows that the
presence of sympathetic hyperactivity occurs more in
people working permanently on night shifts [16]. In addi-
tion, we have previously demonstrated that the application
of HRV can represent the autonomic control of gastroin-
testinal functions [17]. The 5-minute HRV has been widely
utilized in our previous studies, and is adequate for rep-
resenting ANS function in clinical studies [12,13,18,19]. By
applying anorectal manometry, we have previously
demonstrated that rectal compliance was correlated
significantly with poor sleep, as determined by the Pitts-
burgh Sleep Quality Index (PSQI) score, which suggests that
poor sleep may predispose previously healthy individuals toconstipation [13,20,21]. In this study, we aimed to test the
hypothesis that the disruption of the circadian rhythm by
RSW would affect anorectal motility and cardiac autonomic
function. We also investigated whether sleep and psycho-
logical statuses (i.e., anxiety and depression) would pre-
dispose an individual to altered anorectal motility relevant
to RSW.
Methods
Participants
All study participants provided written informed consent
and were interviewed about their work status, general
health, and gastrointestinal symptoms before the study.
Sixteen RSW workers and 11 control study participants who
only worked days participated in this study. The definition
of RSW was judged and qualified on the work with rotation
between day shift and night shift for at least 3 rotating
nights/mo [22]. No study participant had any history of an
underlying medical condition, previous gastrointestinal
surgery, gastrointestinal symptoms, or clinical conditions
that affected HRV. Individuals with poor communication or
impaired hearing were excluded. All individuals were
enrolled from a community and/or university population by
public advertisement. The study protocol was reviewed and
approved by the research ethics committee of Buddhist Tzu
Chi General Hospital (Hualien, Taiwan). The study recruit-
ment period was between January 2012 and August 2012.
Anorectal manometry
All study participants were instructed to evacuate the
rectum and received a Fleet’s enema before the test. The
probe was a 4.5-mm diameter, solid state catheter with
multiple pressure transducers (Sandhill Scientific, Inc.,
Highlands Ranch, CO, USA) and a lumen for balloon infla-
tion. A 5-cm balloon was tied to the distal end of the
catheter. The lubricated catheter was introduced into the
rectum as the study participants lay on their left side with
their hips and knees flexed to 90. The average resting and
squeeze pressures (i.e., maximum and sustained) were
recorded by the stationary pull-through technique. The
threshold volume for rectoanal inhibitory reflexes (RAIR)
was assessed by distending the rectal balloon in progressive
10-mL decrements, starting at 60 mL, until anal sphincter
relaxation occurred at a lower volume of distension. Rectal
sensation was evaluated using a rectal balloon inflated at
an interval of 10 mL until the individual reported the first
82 J.-S. Hung et al.sensation. The balloon volume was then increased by steps
of 30 mL so that the study participants experienced the
sensation of the urge to defecate and maximum distension.
The threshold volumes for inducing these sensations were
recorded. Rectal compliance for each balloon distention
was derived from the slope of the volumeepressure curve.
Our laboratory has reported normal values for anorectal
manometry [23].Processing of electrocardiogram signal and analysis
of HRV
The detailed procedures for HRV analysis have been previ-
ously reported [24]. In brief, an electrocardiogram (ECG)
was monitored for 5 minutes in the daytime, while the in-
dividual lay quietly and breathed normally. The ECG signals
were recorded using an analog-to-digital converter with a
sampling rate of 256 Hz. Frequency-domain analysis was
performed using a nonparametric method of fast Fourier
transformation (FFT). The direct current component was
deleted, and a Hamming window was used to attenuate the
leakage effect [14]. For each time segment (i.e., 288 sec-
onds, 2048 data points), our algorithm estimated the power
spectrum density based on FFT. The power spectrum was
subsequently quantified into standard frequency-domain
measurements [7], which include total variance, LF, HF,
LF/HF, and LF% [7]. Variance, LF, HF, and LF/HF were
logarithmically transformed to correct the skewness of the
distribution [14].Subjective sleep and psychological assessment
Sleep disturbance was assessed using the PSQI, which has
been validated as differentiating “poor” from “good” sleep
[25]. The PSQI allows the assessment of sleep disturbances
along seven dimensions: subjective sleep quality, sleep la-
tency, sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleep medication, and daytime
dysfunction. Each dimension is rated on a four-point scale
(0e3, with “3” indicating a more profound effect), which
are summed to yield a global score. A global score of >5
indicates “poor sleep.” Levels of anxiety were assessed by
applying the State-Trait Anxiety Inventory (STAI) question-
naire [26]. Normal adults without anxiety have scores of
<40 [26]. Levels of depression were evaluated by applying
the Taiwanese Depression Questionnaire (TDQ) [27]. A
global score of >18 suggests the presence of depression.Table 1 Demographic data of healthy controls and
rotating shift workers.
Variable Controls
(n Z 11)
RSW
(n Z 16)
p
Age (y) 23.4 (0.5) 24.4 (0.6) 0.3
Sex (female, %) 6 (55) 8 (50) 0.56
Height (cm) 164 (2) 165 (2) 0.65
Weight (kg) 60.7 (0.8) 60.0 (0.7) 0.55
BMI (kg/m2) 23.0 (1.0) 22.2 (0.9) 0.34
Data are expressed as the mean (standard error of the mean) or
by the percentage (%).
BMI Z body mass index; RSW Z rotating shift work.Statistical analysis
Data were expressed as the mean  the standard error of
the mean (SEM). Statistical comparisons of variables be-
tween groups were assessed using ManneWhitney U test.
Differences in categorical variables between groups were
determined using the Chi-square test or Fisher’s exact test.
Correlations were studied using the Pearson test. The p
value was set at 0.05 for all statistical analyses. Statistical
analyses were conducted using SPSS statistical software,
version 11.0, for Windows (SPSS, Inc, Chicago, IL, USA).Results
This study included 16 RSW workers and 11 controls. Table 1
summarizes the demographic characteristics of both
groups. There were no significant differences between the
groups in sex or age. The body mass index was similar be-
tween the two groups.
HRV analysis
Figure 1 provides the quantitative analysis of the standard
parameters of HRV by group. We found that RSW workers
had a significantly increased LF%, compared to the controls
(p Z 0.03). No other HRV parameters showed statistically
significant differences between RSW and control
participants.
Anorectal manometric results
All individuals underwent anorectal manometry without
any adverse effects. Anal sphincter pressure did not differ
between the controls and the RSW workers (Table 2). There
was no group difference for the anal sphincter length and
the threshold volume for RAIR. The RSW workers had a
lower threshold volume for maximal urge (p Z 0.006),
compared to the controls (Table 2). Rectal compliance was
significantly greater in the RSW workers than in the controls
(p Z 0.02; Table 2).
Sleep disturbances and psychological status
Table 3 shows the results of sleep function, anxiety, and
depression for all participants. Sleep disturbance was pre-
sent more often in the RSW workers (11/16) than in the
controls (0/11) (p < 0.001; Table 3). The PSQI score was
significantly greater in the RSW workers than in the controls
(p Z 0.002; Table 3). Significant depression occurred more
often in the RSW workers (5/16) than in the controls (0/11)
(p Z 0.04; Table 3). The RSW workers had significantly
greater TDQ scores than the controls (p Z 0.003). There
was no significant difference in the presence of anxiety
between the RSW workers (11/16) and the healthy partic-
ipants (6/11) (pZ 0.69; Table 3). In addition, there was no
difference in the STAI anxiety scores between the RSW
workers and the controls (p Z 0.88; Table 3).
Figure 1 Quantitative analysis of frequency-domain parameters of heart rate variability such as RR, variance in the R-R interval
(Var), high-frequency power (HF), normalized HF [HF%; in normalized units (nu)], low-frequency power (LF), normalized LF (LF%; in
nu), very-low-frequency power, and the ratio of LF to HF (LF/HF) in the controls and rotating shift work (RSW) workers. Values are
expressed as the mean  the standard error of the mean. *p Z 0.03, controls versus RSW workers. HF% Z high-frequency power
percentage; LF%Z low-frequency power percentage; R-R indicate R-R intervalZ RR intervalZ the R wave-to-R wave intervalZ
beat-to-beat interval Z Inter-beat Interval (IBI).
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Table 2 Anorectal function in healthy controls and
workers on rotating shift work.
Variable Controls
(n Z 11)
RSW
(n Z 16)
p
Threshold volume (mL)
First sensation 30.5 (4.0) 40.7 (4.0) 0.08
Urge 103.2 (7.9) 87.2 (3.9) 0.09
Maximal 159.1 (7.1) 126.7 (6.7) 0.006
RAIR 20.9 (0.9) 21.3 (0.9) 0.79
Anal sphincter pressure (mmHg)
Resting 51.9 (3.5) 54.8 (4.4) 0.6
Maximal 60.5 (14.5) 91.6 (13.9) 0.14
Sustained squeeze 1111.6 (14.9) 145.5 (12.1) 0.09
Length of anal
sphincter (cm)
2.0 (1.1) 2.1(1.2) 0.48
Compliance (mL/mmHg) 3.2 (0.4) 5.6 (0.9) 0.02
Data are expressed as the mean (standard error of the mean) or
by the percentage (%).
RAIR Z rectoanal inhibitory reflex; RSW Z rotating shift work.
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to anorectal manometry in RSW
In RSW workers, there was a significant correlation between
the resting anal sphincter pressure and HF% (r Z e0.62,
pZ 0.01; Figure 2A). The R-R interval correlated well with
the threshold volume for maximal urge (rZ 0.51, pZ 0.04;
Figure 2B). There was a lack of correlation between ano-
rectal manometry and psychological status (i.e., depression
and anxiety) in RSW workers; despite this, the PSQI was
significantly correlated with the threshold volume for urge
(rZ 0.55, p Z 0.03; Figure 2C) and compliance (rZ 0.51,
p Z 0.04; Figure 2D).Discussion
Autonomic nervous system regulation of the heart rate, as
evidenced by noninvasive measurements of HRV, was
applied in this study to detect changes in the ANS functions
in RSW workers. In this study, we determined variousTable 3 Sleep disturbance, anxiety, and depression in all
study participants.
Variable Controls
(n Z 11)
RSW
(n Z 16)
p
Sleep disturbance
Score 3.3 (0.5) 5.9 (0.6) 0.002
Prevalence (%) 0 69 0.001
Anxiety
Score 40.2 (1.5) 42.3 (1.2) 0.88
Prevalence (%) 55 69 0.69
Depression
Score 7.6 (1.4) 14.9 (1.7) 0.003
Prevalence (%) 0 31 0.05
Data are expressed as the mean (standard error of the mean) or
by the percentage (%).
RSW Z rotating shift work.parameters of HRV in a cohort of RSW workers and healthy
controls in whom the differences in autonomic regulation
were further investigated. In agreement with other studies
[15,28], we observed a predominant shift in cardiac auto-
nomic regulation toward sympathetic balance, as indicated
by a significantly increase in LF%, compared to the healthy
controls. Our investigation using a noninvasive method of
HRV analysis is able to characterize the changes in the ANS
functions in RSW workers, which suggests that such in-
dividuals may have a risk for long-term sympathetic
hyperactivity.
Anorectal function can be evaluated by anorectal
manometry which provides useful information with regard
to anorectal physiology [29,30]. The application of ano-
rectal manometry allows the measurement of anal resting
pressure, anal squeeze pressure, anal canal length, degree
of inhibition of the anal sphincters, rectal sensation, rectal
contractility, and the defecation dynamics. The utility of
these physiologic results leads to an effective manage-
ment, either medical or surgical, for defecation disorders
such as fecal incontinence and constipation [31]. A limita-
tion of this examination is that patients have difficulty in
communicating during the procedure or tolerating the
procedure.
In the present study, we investigated whether RSW is
associated with an alteration in anorectal functioning. We
found that RSW workers were characterized by a lower
sensory threshold for anorectal balloon distension because
people on RSW had a lower threshold volume for maximal
urge, compared to healthy controls. The finding may be
related to the fact that visceral perception is enhanced in
people with poor sleep [32], which was also commonly
present in our RSW workers. We similarly observed that
poor sleep may impair rectal compliance and urge
perception by balloon distension inside the rectum. In
addition, the association between sleep disturbance and
enhanced visceral perception has been pathophysiologi-
cally implicated in functional bowel disorders [33]. There-
fore, the present finding may support the mechanism that
RSW potentially impairs anorectal functioning in healthy
adult workers, which may possibly predispose a worker to
the exacerbation of functional bowel symptoms that are
highly prevalent in RSW [3,6].
Consistent with the findings of a previous investigation
[6], we observed that sleep disturbance occurred
frequently in RSW workers. The explanation for increased
sleep disturbance in RSW workers remains unclear. It is well
accepted that the circadian rhythm, a self-regulated bio-
logical process, has an important role in maintaining normal
sleep/wake function [34]. Therefore, it is conceivable that
RSW may potentially result in vulnerability to circadian
disruption by which a sleep disturbance may arise [35].
Furthermore, we found that RSW workers were more likely
to have depression, compared to healthy workers. Howev-
er, there was no group difference regarding the anxiety
status. Our results were partially in agreement with a
previous study on rotating shifts nurses, which showed a
significant psychological disturbance regarding anxiety and
depression [6]. However, the discrepancy in the presence of
anxiety may be related to the differences in patient
enrollment, the sex of the population studied, and the
survey instrument.
Figure 2 The correlations between anorectal motility, heart rate variability, and sleep in workers on rotating shift work (RSW).
(A) There is a significant correlation between the resting anal sphincter pressure and HF% (rZ e0.62, pZ 0.01); (B) R-R interval is
correlated with the threshold volume for maximal urge (r Z 0.51, p Z 0.04); (C and D) PSQI score is significantly correlated with
the threshold volume for urge (rZ 0.55, pZ 0.03) and compliance (rZ 0.51, pZ 0.04). HF%Z high-frequency power percentage;
LF% Z low-frequency power percentage; PSQIZ Pittsburg Sleep Quality Index; R-R indicate R-R interval Z RR interval Z the R
wave-to-R wave interval Z beat-to-beat interval Z Inter-beat Interval (IBI).
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receives tonic discharge from sympathetic nerves [36], in-
side of which exist excitatory and inhibitory neurons for
mediating the motility of the internal anal sphincter [37]. In
this study, we did not directly measure the local neural
pathway that modulates anal sphincter function, although
we showed a negative correlation between the resting
sphincter pressure and HF% (i.e., an index for vagal activ-
ity), which suggests that vagal activity in rotating shift
workers may potentially participate in the activity of
resting anal sphincter pressure that relies on dual contri-
butions from the tonic activities of the internal (75e85%)
and external anal sphincters [38]. Therefore, our findings
appear to support the evidence of joining activity from the
vagal nerve in modulating anorectal motility [39]. In addi-
tion, we found a positive correlation between the R-R in-
tervals and the threshold volume for maximal urge, which
indicates that rotating shift workers with decreased
threshold volume at maximal urge are more likely to have
decreased R-R intervals (which is synonymous to increased
sympathetic activity, as demonstrated in the RSW workers).
With the aforementioned findings taken together, altered
cardiac autonomic regulation and the link to changedanorectal function were evident in RSW workers; therefore,
our study supports an early notion that anorectal motility is
modulated by ANS [40].
Our results reconfirm the notion that poor sleep may
have impact on anorectal function [21]. In RSW workers, we
observed that increased sleep dysfunction, as determined
by the PSQI, was associated with an increase in rectal
compliance and in urge sensation. The first sensation did
not achieve statistical significance, although this is likely
because of the fact that only urge sensation is more rele-
vant for mediating by visceral sensitization [41]. The rectal
sensory data such as rectal sensation and compliance are
obtained by using rectal balloon distension [42]. The mea-
surement of rectal compliance together with the maximal
tolerated volume may potentially identify factors leading
to altered bowel habits and anorectal problems [38]. It has
been demonstrated that increased rectal compliance oc-
curs in physiological conditions such as megarectum and in
patients with constipation [43]. The threshold volume for
the urge to defecate may be absent or increased in chronic
constipation [44,45]. However, the causeeeffect interre-
lationship between sensory impairment and chronic con-
stipation remains unclear [38]. Therefore, the clinical
86 J.-S. Hung et al.implication of our study is that the presence of poor sleep
in RSW workers may predispose them to constipation, and
sleep disturbance in these workers may have an impact on
daily bowel function.
There are some limitations in this study. First, the small
sample size may have influenced the current results with a
type II error. Second, although 5-minute HRV has been
widely used in previous work, it may be more informative to
record the HRV for a longer period. Furthermore, this study
evaluated the association between anorectal function and
sleep in RSW workers; therefore additional evaluation of
occupation and socioeconomic status would help better
explain current findings. Rotating shift workers already had
sleep disturbance in their daily activity, which may have
confounded the results of the current study. Therefore,
further characterization of sleep quality in those in-
dividuals may help elucidate current findings.
In conclusion, our study indicated that circadian rhythm
disruption due to RSW is highly associated with altered
anorectal motility, greater sleep disturbance, and depres-
sion. Our findings indicate that RSW workers are more
vulnerable to anorectal dysfunction, which may further
impair bowel function and predispose them to constipation.
Future studies with a larger sample size and different
patterns of shift workers are required for further elucida-
tion of the impact of shift work on physical function and
psychosocial status.
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